Finally, in the last series (III) we explored the effects of multiple halogen (X=C1) on the terminal anhydride moiety of 2-(4-n-tridecafluorohexyl-phenyl)-isoindole-l,3-dione (1). The mono-substituted analogs, with chlorine in the 4-or 5-position, are asymmetric, whereas the di-and tetra-substituted analogs are symmetric.
Results
and Discussion. Three series of 2-phenyl-isoindole-based thermotropic liquid crystals were successfully synthesized ill high yields, using a simple one-step procedure. The structures of all compounds were confirmed by proton, carbon, and fluorine nuclear magnetic resonance (1H-NMR, 13C-NMR, 19F-NMR) and infrared spectroscopy (FTIR). Although we initially included 4-hexylaniline ill our studies, we could not detect liquid crystalline behavior in any of these systems. This observation suggests that the 2-phenylisoindole core by itself exhibits poor mesogenic properties.
We were more successful when we switched from 4-hexylaniline to 4-n-(tridecafiuorohexyl)aniline as the terminal tail segment.
As Bunn and Houwens [5] showed, the larger fluorine atoms force a helicoidal chain conformation, and this results in a stifler chain than its hydrocarbon analogue.
In addition, the fluorinated tail is chemically incompatible with the aromatic 2-phenyl-isoindole core, which leads to microphase separation and consequently promotes the formation of smectics [6] [7] [8] .
Mesomorphic
Properties.
The phase behavior and DSC results of the first series of 5-substituted 2-(4-n-tridecafluorohexyl-phenyl)-isoindole -1,3-diones are presented in Table 1 . (2) and -OMe (3), a.n enantiotropic SmA phase is observed that is stable over a. wide temperature range. Figure  1 shows a DSC hea,ting and cooling scan of 5-methoxy-2- (10), however, the stability of the SmA phase is slightly reduced, which is probably because the dipole moment decreases with increasing halogen size and the tendency to crystallize.
When the halogens (X= -F,-CI and -Br) are moved fi'om the anhydride's 5-position to the 4-position, we observe a dramatic reduction of melting temperature for all three compounds. In addition, it is interesting to see that with the exception of the 4-C1 (7) isomer the SmA phase is completely suppressed in the 4-F (5) and 4-Br (9) isomers. Intuitively, one would expect to see little or no change in phase behavior between the 4-F and 5-F isomers because moving the small fluorine atom from the 5-to the 4-position does not significantly affect the overall molecular shape. Translating the bulky chlorine and bromine atoms fi'om the 5-to the 4-position, however, reduces the overall molecular symmetry and results in a considerable drop in melt transition. At this moment we are unable to explain why only the 4-C1 isomer (7) exhibits a LC phase. The phase behavior of the halogen modified 2-(4-n-tridecafluorohexyl-phenyl)-isoindole-1,3-diones is summarized in Figure 3 . 
We also investigated the effects of multi-halogenation on the phase behavior of 2-(4-n-tridecafluorohexylphenyl)-isoindole -1,3-dione model compounds.
The DSC results are shown in Table  3 . Figure 5 shows the texture of .5-methoxy-2-(4-_t.ridecafluorohexyl-phenyl)-isoindole-l, 3-dione (3) in the SmA phase at. 160°C.
FIG. 5. Smectic
A (SmA) focal conic te_:ture of 5-metho,vy-2-(4-n,t'ridecafluorohexyl-phet_,yl) -isoindole-l,3-dione at I54°C; c,ros_sed polars and 20X.
X-Ray Diffraction
Results. Figure 6 shows the X-ray diffractograln of 5-methoxy-2-(4-r_-trideca fluorohexyl-1)henyl)-isoindole-1,3-dione (3) Based on these results we believe that our data suggest a bilayer SmA packing model with interdigitating fluorinated tails as presented in Figure 7 . 
Conclusion.
For certain space applications a need exists for low-molecular weight thernlotropic liquid crystalline materials that can be used in self-adaptive optics and filters. Potential candidates need to withstand the extreme temperature fluctuations, presence of atomic oxygen, and high-energy radiation conditions thatexistin lowearthorbit(LEO).Mostthermotropic liquidcrystals relyonalkyltypeflexible tails,but in our applications alkylgroups donot havethe required long-term stability.Weare,therefore, exploring thepossibility ofusinglow-molecular weight imides withperfluorinated tails.Wehave synthesized andcompared several series of2-(4-n-tridecafluorohexyl-phenyl)-isoindole-l,3-dione liquidcrystals. Wefound that2-(4-_-tridecafluorohexyl-phenyl)-isoindole-1,3-dione based liquidcrystals areabletoformstable SmA phases withaccessible temperature ranges (70-180°C 2-Phenyl-isoindole was investigated as tile rigid core unit in a series of asymmetric lnesogenic-molecules. When tile 2-phenyl-isoindole core was terminated with a hexyl tail, no mesophase formation could be observed. was used, however, we observed both monotropic and enantiotropic phase behavior. We found that most functionalities at the anhydride 5-position results in the formation of smectic A (SmA) phases in the temperature range of 70-180°C. Functionalities at the anhydride 4-position suppress mesophase formation. Large substituents (-Br, -NO2) and symmetric substitution patterns (5,6-dichloro, 4,7-dichloro and 4,5,6,7- 
